INTRODUCTION
Role of microbial decomposition in biodégradation processes of organic pollutants.
Within aquatic ecosystems, microbial decomposition of organic matter plays a prominent role in the energy and mass transformation processes (Jorgensen, 1983a (Wuhrmann, 1972) . Biodégradation is a more commonly accepted term which describes alterations of a compound sufficiently important to change its identity (Dart and Stretton, 1980) . All biodegradable compounds are ultimately converted into one of the very few key intermediates such as acetyl-coenzyme A or one of the tricarboxylic acid cycle intermediates before total oxidation occurs. As such compounds are also used for the resynthesis of larger molecules, only a portion of biodegradable compounds are totally oxidized to inorganic constituents.
Water, soil, sewage and mud are extremely complex environments biologically, chemically and physically (Dart and Stretton, 1980 (Blok, 1975) . Such tests were proposed for monitoring either carbon dioxide formation or oxygen consumption in oxygen regulated "Sapromat" respirometric cells (Remiche and Van der Wielen, 1975) . In the former case, an alternative to barium carbonate measurement is the direct monitoring of 14C02 formation from traces of 14C radiolabeled organic compounds, such as amines (Boethling and Alexander, 1979) . The simultaneous monitoring of carbon dioxide and oxygen allows discrimination between microbial decomposition and chemical oxidation.
Determination of parameters related to biodégradation: dissolved oxygen (DO), organic matter (OM) and biomass (B).
Since organic pollution control has been the first concern in water quality studies and regulations parameters relating to biodégradation are relatively well defined. (Gaudy, 1972) . Standard methods for measuring BOD have been described and compared. DO variations are usually measured in diluted samples after 5 or 21 days incubation at 20°C (Stack, 1972 and ; alternatively, automatic respirometers enable the direct recording of oxygen consumption of undiluted samples.
In the Warburg method, gas volume variations are monitored, whether in Marais or -21 8 "Sapromat" methods, and oxygen is supplied to the sample so that its concentration remains constant throughout the incubation test (Mytelka and Brenner, 1969; Remiche and Van der Wielen, 1975; Hung and Eckenfeld, 1976; lllic, 1978) . The term 'ultimate BOD' is usually referred to in 21-days incubation tests -this test duration being necessary for total biodégra¬ dation of nitrogen-containing compounds (Stack, 1972 (Green et al., 1981) , or by total oxidation by oxygen at 900°C, or by persulphate in the presence of heavy UV radiation (Total Oxygen Demand, TOD) (Clark, 1974) ; finally the carbon dioxide released during such total oxidation procedures is monitored in various ways. Carbonaceous compounds present in organic pollutants may be determined by their Total Organic Carbon (TOC). Since the OM content in surface water and in waters generally is of great economic and ecological importance, BOD, COD, TOD and TOC have been thoroughly studied and "mixed" methods with the accuracy of chemical titration have been proposed (Stack, 1973 Indeed it is a fundamental constituent of all living cells, and only living ones, since it is destroyed very rapidly after cell death. It has been shown that the amount of ATP is proportional to the amount of cell organic carbon, which is the usual indicator of biomass: 0.30 to 0.39 g ATP is contained in 100 g cell organic carbon of algae and bacteria of different sizes and species (Holm-Hansen, 1970) . Furthermore, trace amounts of ATP can be easily determined by bioluminescence, after cell filtration and extraction.-When mixed with luciferine and luciferase, ATP extracts yield light emission in which the intensity maximum is proportional to the ATP amount, with the lower detection limit being as low as 10"12 mol (Tobin et al., 1978; Apoteker, 1981 Gromiec, 1983) in lakes or reservoirs (Orlob, 1983 , Jorgensen, 1983b and in waste water treatment processes.
The first, and most widely used model, was proposed by Streeter and Phelps (1925) for the Ohio river. It states that oxygen uptake is equal to BOD uptake, and that both kinetics are first-order. Since then several modifications have been proposed to take into account the effect of dispersion (O'Connor, 1961 (O'Connor, , 1962 (O'Connor, , 1967 , sedimentation and adsorption (Dobbins, 1964) , photosynthesis and respiration (O'Connor and Di Torro, 1970) , thermal exchanges (Lin et al., 1973a, b, c) , bental demand (Shelton et al., 1978) and nitrogeneous biodégradation (Shelton et al., 1978;  Knowles and Wakeford, 1978) .
Nevertheless, it has been frequently observed that firstorder curves do not fit well the experimental variations of BOD, so that second-order kinetics were proposed for DO and BOD uptakes (Woodward, 1953; Revelle et al., 1965; Young and Clark, 1965; Zanoni, 1967; Edeline and Lambert, 1979) . Their success in describing actual river evolution was not generally accepted.
Beside these field studies, Flegal and Schroeder (1976) , Rauwel and Thévenot (1976) and Apoteker and Thévenot (1983) conducted laboratory experiments without renewal of DO: after organic discharges. All these authors observed lag-phases with no oxygen evolution, followed by exponential phases, similar to those encountered in experiments on cellular growth.
First-order kinetic models:
Streeter-Phelps, O'Connor, Dobbins, Lin and Shelton models; examples and discussion. Streeter and Phelps (1925) Equations 12.6 and 12.7 are sometimes simplified, using the Fair coefficient f = K2/Kr also called the self-purification factor:
Arababi et al. (1974, 1975) (Eckenfelder, 1970; Hung et al., 1978) and K1 NH4 ranges between 0.07 and 0.14 day"1 (Lefort, 1971) . In fact when values of DO, OM, NH4-N and N02-N are measured along a stream section of homogeneous properties at initial and 't' time, Kv K2, K1 NH4 and K1 NQ2 are determined from best fit of the data (Rinaldi and Soncini-Sessa, 1977 (Gates, 1971; Wuhrmann, 1972; Edeline and Buet, 1978 Although this point has been already considered in the Chapter 3, the most recent methods of calculation of the reaeration kinetic constant K2 will be presented here. It will also be assumed that the reoxygenation will occur at the interface air-water and follow a first order kinetic law: The significance of these three parameters is very different and has to be taken into account when a model is built up. provides a DO versus time curve similar to that presented in Figure 12 .2 (Wilderer et al., 1970) .
This curve frequently presents two plateaus, the first between 5 and 15 days, and the second one after 25 days. The first step with a quite marked slope corresponds to the carbonaceous degradation while the second corresponds to the nitrification stage of the biochemical degradation. Thus we see that the hypothesis of a first order reaction with a constant parameter K1 , is really an approximation. However, a first-order kinetic may be reasonably fitted during the first step of the experiment (before the curve reaches the first plateau): K1 , can be determined following DO uptake during 5 or 7 days, this last value being frequently preferred for practical considerations. (Table 12 .4). It is beyond the scope of this book to detail all of these methods, which have now been overtaken by other methods. The different approaches used by each author depend on the limitations inherent in the local conditions of the study (Bansal, 1975) . The variation of the results lies between 0 and 50% depending to the method.
However, according to Marske et al. (1972) who compared four of the previous methods, the Reed-Theriault method seems to give the best results. (Stehfest, 1973) , which has the advantage of a fast convergence rate.
These accumulative techniques are now much used (Shastry et al., 1973; Rinaldi, 1979; Radhakrishnan et al., 1974) , and allow the building of sophisticated models with many parameters.
After a successful calibration the set of parameters found has to be validated on another set of data. (Whitehead et al., 1979) . This procedure has been successfully applied to the real-time monitoring scheme of the River Ouse at Bedford on a modified Streeter-Phelps model (DO, N-NH4+) (Whitehead, 1983 differences between intrinsic parameters and parameters fitted from field data, difficulties arising from non-linear kinetics. 
